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Table 1
T2 values in each layer at the center of femoral compartment.
Compartment Layer Mean T2±SD Deep vs Superﬁcial
Medial Condyle Whole 49.8±6.0
Deep 48.0±8.1 p < 0.01
Superﬁcial 51.8±6.3
Trochlea Whole 50.8±2.4
Deep 47.9±3.9 p < 0.01
Superﬁcial 53.4±2.6
Lateral Condyle Whole 49.0±4.4
Deep 44.5±4.2 p < 0.01
Superﬁcial 53.5±6.0
Figure 1. Articular segmentation with angular and layer dependent
approach.
Figure 2. Inter- and intra-rater reliability of T2 values.Ă
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A228We have observed a potential correlation between uncoupled bone
remodelling activity and the formation of SBC, and the presence of SBC
could potentially indicate more severe osteoblastic dysfunction.
To sum up, presence of SBCs indicates uncoupled subchondral bone
remodelling in OA. SBCs are found to be more prevalent than previously
suggested, implying their presence had been vastly underestimated.
SBC-free tibal plateaux, despite having relatively preserved micro-
structure and higher mineral density, result in more painful knees. Our
ﬁndings also provide clues that suggest subtyping knee OA by the
presence of SBCs to guide future OA treatments.
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NORMAL T2 MAP PROFILE OF THE ENTIRE FEMORAL CARTILAGE
USING A NOVEL ANGLE/LAYER DEPENDENT APPROACH
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Purpose: T2 mapping is a widely utilized MR technique for quantitative
assessment of cartilage degeneration. Previous studies have compared
T2 values between subregions in the knee joint, or between weight-
bearing and non weight-bearing region. However, there has been no
study that assessed angular and layer dependent variations of T2 value
in entire femoral cartilage. The purpose of this study was to create
normalized T2 map proﬁles from the entire femoral cartilage of normal
volunteers to assess regional variations using a novel angle/layer
dependent approach.
Methods: Twenty healthy knees with equal number of left/right knees
(mean 28.9 years; range: 19-38) were investigated in this study. T2
images were acquired at a 3T MR scanner (Achieva, Philips Healthcare,
Netherlands) using an 8-channel knee coil. The imaging protocol
included a 2D, turbo spin-echo T2-weighted sequence (TR/TE¼ 2700/
26ms, FA¼ 90, imaging plane¼ true sagittal to B0, FOV/slice thickness/
gap¼ 140/3/0mm, matrix size¼ 512512). Manual segmentation of
entire femoral cartilage was performed by two raters independently
slice by slice using Matlab (Mathworks, Natick, MA). Articular seg-
mentation with angle/layer dependent approach was performed as
follows: static magnetic ﬁeld (B0) was deﬁned as 0 degrees, with neg-
ative/positive angles were located anterior/posterior to the central
point (Fig.1a); radial lines from a central point divided cartilage into 4-
degree segments (Fig.1b) segmentation of cartilage into deep (0-50%)
and superﬁcial layers (51-100%) of relative thickness (Fig.1c). The center
of the medial condyle (MC), lateral condyle (LC), and trochlea (T) were
deﬁned by referring to reformatted coronal images. Then we converted
a total of 31 slices into 23 normalized slices in each subject, based on
three anatomical landmarks by every 3-mm slice thickness (e.g. MCþ3,
MCþ6, T-3). We calculated the average T2 values for two layers (deep
and superﬁcial) and 4-degree step angles over segmented cartilage at
each normalized slice. We created 3D-graph of T2 proﬁles shown as
approximate curved surfaces using custom Matlab program. Inter- and
intra-rater reliabilities were assessed using intraclass correlation coef-
ﬁcient (ICC). T2 value between the deep and superﬁcial layer at the
center of each femoral compartment were compared using unpaired t-
test/Mann-Whitney test for normal/non-normal distributed data,
respectively. T2 values between magic angle and other representative
angles were compared using Kruskal-Wallis test and Steel-Dwass post
hoc test. Statistical analyses were performed using R version3.0.2 for
Windows software (R Development Core Team, Vienna, Austria). P
values less than 0.05 were considered to be statistically signiﬁcant.
Results: The inter- and intra-rater ICCs of average T2 values in entire
femoral cartilage were either “good” or “excellent” in each layer (Fig.2).
The ICCs with respect to each normalized slice showed that the inter-
and intra-rater ICCs around the trochlea, and both edges of the condyles
were lower than those around the center of the medial and lateral
condyle (Fig.2). Average T2 value was signiﬁcantly higher in the
superﬁcial layer than in the deep layer at the center of each femoral
compartment (Table 1). T2 proﬁles on 3D graph exhibited magic angle
effect clearly in each layer at the medial and lateral condyle (Fig.3).
Scatter plots of T2 values at the magic angle and other representative
angles showed that magic angle effect at the medial condyle was
observed more clearly, especially in whole and deep layer, while in
superﬁcial layer the peaks shifted to ±30 (Fig.4a-c). T2 value at the
lateral condyle showed wide and dull peaks from -70 to -54, and a
large variety of T2 value was observed especially at 0 in the superﬁcial
layer (Fig.4d-f).Conclusions: The normal T2 map proﬁle of entire femoral cartilage
showed variations in ICCs by location and in T2 values by angles and
layers. The results indicate the importance of evaluating cartilage in
consideration of these variations for diagnosis of cartilage degeneration
in speciﬁc location of the knee.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A229Figure 3. 3D graph of the entire femoral cartilage.
Figure 4. Comparison of T2 values between magic angle and others.
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COMPARISON OF T1RHO IMAGING BETWEEN SPOILED GRADIENT
ECHO (SPGR) AND BALANCED STEADY STATE FREE PRECESSION (B-
FFE) SEQUENCE OF KNEE CARTILAGE AT 3 TESLA MRI
T. Nozaki, Y. Kaneko, H. Yu, K. Kaneshiro, R. Schwarzkopf, H. Yoshioka.
Univ. of California Irvine, Orange, CA, USA
Purpose: T1rho-weighted MR imaging has recently been proposed as
an attractive biomarker to existing conventional morphological MRI
methods, and has been shown to be more sensitive to biochemical
change in cartilage than T2 mapping. It enables us to detect early
cartilage degeneration in early osteoarthritis patients beforeTable 1
ICCs and B-A plots for intraobserver and interobserver reproducibility.
Analyses
Interobserver reproducibility T1rho value Interclass corre
Segmented pixels BA-correlation
BA-difference p
Intraobserver reproducibility T1rho value Intraclass corre
Segmented pixels BA-correlation
BA-difference pappearing morphological change. However the factors affecting the
T1rho mapping such as MR sequences and operator-dependent
manual cartilage segmentation is not well understood. Regarding MRI
sequences, there are two basic types of fast gradient echo (GRE)
sequences used in T1 rho mapping. One is a spoiled GRE sequence;
residual transverse magnetization is spoiled. The other is a steady-
state GRE sequence; transverse magnetization is not spoiled but is
refocused to contribute to steady-state formation. The objective of
this study was to investigate the difference of T1rho proﬁles between
spoiled gradient echo (SPGR) and balanced steady state free pre-
cession (b-FFE) sequences.
Methods: 20 healthy volunteers (mean: 28.9 y.o., range: 19-38) were
enrolled in this study. The study was approved by IRB, and written
informed consent was obtained from each subject. T1rho images of the
knee were acquired with two types of pulse sequence: b-FFE and SPGR.
All MR studies were performed on a 3.0-T unit (Achieva, Philips
Healthcare, Netherland) utilizing an 8-channel knee receive-only RF-
coil. Two sagittal T1rho-weighted images of each subject were acquired
on the pulse sequence of b-FFE and SPGR. The acquisition parameters
were as follows. SPGR: mode ¼ 3D, fat-saturation method ¼ PROSET,
TR/TE ¼ 6.4/3.4msec, Band width ¼ 475Hz, ETL ¼ 64, NEX ¼ 1, FOV ¼
140*140mm, Slice thickness/gap ¼ 3/0mm, Flip angle ¼ 10 degree,
Image-matrix ¼ 512*512mm, number of slices ¼ 31, Time of spin-lock
(TSL) ¼ 20/40/60/80msec, acquisition time ¼ 4min09sec *4, b-FFE:
mode ¼ 3D, fat-saturation method ¼ SPIR, TR/TE ¼ 4.8/2.4msec, Band
width ¼ 606 Hz, ETL ¼ 154, NEX ¼ 1, FOV ¼ 140*140mm, Slice thick-
ness/gap ¼ 3/0mm, Flip angle ¼ 25 degree, Image-matrix ¼
512*512mm, number of slices ¼ 31, Time of spin-lock (TSL) ¼ 20/40/60/
80msec, acquisition time ¼ 3min57sec *4 Entire knee cartilage seg-
mentation was performed by two raters independently slice by slice
with Matlab (Fig.1). Inter- and intra- observer reproducibility between
two imaging protocols was calculated. Relative signal intensity (SI) of
each structure and relative contrast between structures of the knee
were also quantitatively measured using Mann-Whitney test. The dif-
ference of T1rho values between SPGR and b-FFE sequences was stat-
istically analyzed using the Wilcoxon signed-rank test.
Results: Average T1rho value of the entire knee cartilage on b-FFE was
higher than on SPGR with signiﬁcant difference (p<0.05) (Fig.2). The
reproducibility of the segmented area and T1rho values was superior on
SPGR than b-FFE (Table1). The intraclass correlation coefﬁcient was
0.878 on SPGR and 0.836 on b-FFE, and the interclass correlation
coefﬁcient was 0.846 on SPGR and 0.824 on b-FFE, regarding to T1rho
values. The relative SI of ﬂuid was higher on SPGR, while that of sub-
chondral bone was higher on b-FFE with signiﬁcant difference
(p<0.001) (Fig.3). There were also signiﬁcant differences in relative
ﬂuid-cartilage, ﬂuid-subchondral bone, and cartilage-subchondral bone
contrast (p<0.001, respectively) between two sequences (Fig.4). These
results suggest that the outline between subchondral bone and carti-
lage is more distinct on SPGR, although there is a possibility that neg-
ative contrast between ﬂuid and cartilage better delineate cartilage
surface on b-FFE.
Conclusions: Inter-reader and intra-reader reproducibility of meas-
urement on knee cartilage T1rho mapping are excellent on both
sequences and higher on SPGR than b-FFE. T1rho value tends to be
higher on b-FFE than SPGR. We need to pay attention to factors of dif-
ferent sequences which causes variability of T1rho value in clinical
applications.SPGR b-FFE
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